Field-dependent behavior of AC Susceptibility in [Y0.8Ca0.2](Ba0.5Sr0.5)2Cu3O7-δ This effect can be interpreted in terms of bulk pinning hysteresis loss due to the vortices motion in/out grain boundary.
1 Introduction
Since the discovery of Y Ba 2 Cu 3 O 7−δ (YBCO) [1] , research on enhancing the critical temperature (T C ) of YBCO has been extensively carried out by rareearth elements and/or transition metal atoms substitutions [2, 3] . Substitution of Y 3+ by Ca 2+ increases carrier concentration and has an influence on the charge transfer from Cu-O chains to the CuO 2 layers, which suppress the T C from 90K to 80K depending on the concentration of Ca atoms [2, 3] , while the substitution of Sr 3+ on the Ba site influences mobile hole concentration by charge-transfer from CuO 2 plane, which also changes T C [4, 5] . In addition, study on superconducting properties and ac loss of YBCO and one-site doped YBCO has been enormously performed with AC susceptibility measurements [6, 8] . AC susceptibility (χ = χ + iχ " ) measurements with high T C superconductors have been widely used as a powerful tool to investigate superconducting properties such as magnetization, critical currents, order parameter, conductivity, and so on [9, 10] . The real part (χ ) represents transition from nearperfect screening to complete penetration of external AC magnetic field into the sample. The peak of the imaginary part (χ " ) represents the bulk pinning hysteresis losses in the sample due to the vortices motion in/out grain boundary [11, 12] . Pinning losses are less dependent on the frequency of the field but rely on the field amplitude, while the flux losses depend on the frequency, not on the field amplitude [13] . YBCO has frequency dependence, i.e. flux flow motion plays an important role in its AC loss [7, [14] [15] [16] . In addition, Ca-doped YBCO has similar behavior [17] . However, study on the A-site and B-site co-doped YBCO has not been made so much because 2-site doping YBCO is too difficult. We prepared [ 
Material and methods
The sample was prepared by the Sol-Gel method. In brief, acetates of yttrium, calcium, barium, strontium and copper were mixed stoichiometrically in oxalic acid HCOO-COOH. By metathesis reaction between the solution of the acetates and the oxalic acid in magnetic stirring, we achieved the formation of Y, Ca, Ba, Sr and Cu oxalates. These precursor were calcined at The sample was characterized by X-ray diffraction using a powder universal diffractometer, Rigaku HGZ in Bragg-Brentano geometry. We use the Cu-Kα1 and Cu-Kα2 radiations with wavelength 1.5405Åand 1.5443Å(ratio 1:1) and step of 0.02
• . The Rietveld refinements of the XRD were processed by using the software FullProf v. 2012 [21] [22] . The morphological properties of the sample were also characterized by Transmission electron microscope (FEI Philips Tecnai 20) . The magnetic properties of the superconductor were studied by Quantum Design MPMS-XL system with option M120 for AC susceptibility measurement.
3 Results and discussions Figure 1 shows XRD of the sample. The Rietveld refinement was performed by taking the structure of the YBCO (Pmmm) as a model. The red line in the figure represents the best calculated fitting (χ 2 = 1.69). The crystal structure is modelled in the inset figure and the cell parameters and atomic positions are listed in Table 1 . Note that the cell parameters of the undoped YBCO are: a=3.8206Å, b=3.8851Åand c= 11.6757Å [23, 24] , giving a volume of 173.30Å
3 , and orthorhombicity (2(b-a)/(a+b)100%) of 1.67% and cubicity (2(c-a)/(a+c)100%) of 101.38%. The smaller volume for the doped YBCO found here (170.47Å
3 ) is caused by the differences between the ionic radios. In the structure, Y 3+ and Ba 2+ share the same position to Ca 2+ and Sr
3+
respectively and they are sandwiched by the CuO 2 planes. Despite that the ionic radius of Ca 2+ (0.99Å) is bigger than the Y 3+ (0.93Å)) which causes the separation between the superconducting planes, especially between the atoms O2 and O3, the opposite occurs for the case of Sr 3+ whose ionic radio (1.13Å) is smaller than the one of Ba 2+ (1.35Å). In this way the b and c dimensions of the perovskites containing the latest atoms become smaller leading in the decrease of the orthorhombicity 0.35% and cubicity 100.18% for our doped YBCO. layers are parallel and it is crystalline. ED patterns show distinct spots and also halo-like circle, implying that the sample has crystalline phase and there is some less-crystalline region in the sample. Figure 3 displays the susceptibility vs temperature curves of the sample in zero-field cooled mode (ZFC) and field cooled mode (FC). The sample was first cooled down to 7 K in a zero field. After the temperature became stable at 7 K, 25 Oe of DC magnetic field was applied to the sample. With the increase of temperature, the susceptibility of the sample was measured (ZFC). At 150 K, the sample was cooled down again with the applied field. The susceptibility of the sample was recorded again (FC). The sample shows field-irreversibility below 77K, which is Tc, as shown in Fig. 3 . Figure 4 shows both real and imaginary parts of AC   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 susceptibilities at different magnetic field amplitudes as the AC frequencies vary. Although the applied AC field frequencies vary, the real and imaginary parts of the susceptibilities curves seem to be independent of the frequencies. Each imaginary curve shows maximum peak position (T p ). However, T p does not move with regard to the AC field frequency. Figure 5 shows the real parts of AC susceptibilities at different frequencies with varying AC magnetic field amplitudes. At each fixed frequency, the real part of the susceptibilities curves move upward as the applied AC field amplitudes increase, i.e. the magnitude of the susceptibilities decreases with the increase of the AC field amplitude. Figure 6 illustrates the imaginary part of the AC susceptibilities of the sample at different frequencies with varying AC magnetic field amplitudes. Each curve shows T p . T p moves toward lower temperature as the AC field amplitudes increase. In addition, the peak of χ " also broadens with the decrease of T p . This is because larger screening currents are required to shield the applied field. Therefore, the T p of χ " shifts to lower temperature according to the critical-state model [25] . Moreover, the peak height of χ " increases as the field amplitude increases like YBCO [26] . According to the critical-state model, the peak of χ " versus temperature is defined as the temperature at which AC magnetic field flux penetrates to the center of the superconductor. The peaks represent the losses of the shielding current flows within the individual grains. As the driving field amplitude increases larger, larger screening curves are required to shield the applied field. Figure 7 illustrates the variation of T p with varying AC field amplitudes and frequencies. The magnitude of T p exponentially decreases as the AC field amplitude increases, as shown in Fig.  7(a) . The curves were fitted with an exponential function, as following form.
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